The natural occurrence of the first diterpene in the roots of Pelargonium reniforme (Geraniaceae) is demonstrated. The unique metabolite, reniformin, represents an ester in which a novel diterpene acid with an uncommon -CH 2 -CH 2 -bridging element is linked to 2-(4-hydroxyphenyl)ethansulfonic acid. The latter entity has also hitherto not been encountered as a component in natural products. The structure of reniformin was established on the basis of spectroscopic methods.
Pelargonium species indigenous to areas of Southern Africa are highly esteemed by traditional healers and several ethnic groups for their curative properties [1] . Among the traditionally used species is P. reniforme Curt., an attractive, pink-flowered, erect shrub [2] . Infusions of the tubers are employed to treat diarrhea, dysentery and infectious conditions of the upper respiratory tract, while the aerial parts are used for wound healing. Following the well-documented therapeutic benefits in traditional medicine, this plant species has been the subject of chemical studies in order to provide a rationale for the claimed remedial effects. In previous papers, we have reported a broad spectrum of highly oxygenated simple coumarins [3] , the presence of ellagitannins with a 1 C 4 glucose core [4] , and a range of O-galloyl C-glycosylflavones [5] . Accordingly, the coumarins and phenolic constituents are of particular interest, representing the alleged biologically active principles. Here we report the isolation and characterization of an unprecedented diterpenoid obtained from the metabolic pool of the roots of P. reniforme, where polar compounds predominate.
The aqueous acetone extract of the roots of P. reniforme, after partitioning with ethyl acetate, was lyophilized to afford a brownish residue that was repeatedly chromatographed on Sephadex LH-20 columns using water-methanol gradient systems. Subsequent HPLC purification of appropriate fractions on RP-18 material yielded chromatographically homogeneous reniformin (1) in ca. 0.009% yield, based on the starting plant material. Supporting evidence for the 2-(4-hydroxyphenyl)ethansulfonic moiety was obtained from the 1 H NMR spectrum of 1 displaying an AA'BB'-spin system at δ 6.76 and 7.09 (H-3'/H-5' and H-2'/H-6', respectively, each a doublet, J = 8.5 Hz), typical of a 1,4-disubstituted benzene element. The long-range correlations observed between C-1' (δ C 128.3) and two mutually coupled methylene functions at δ H 2.84 and 3.09 defined the side chain on the aromatic nucleus. The conspicuous upfield position of the former signal was explicable in terms of the close proximity of the SO 3 H functionality. Thus, these 1 H absorbances were unambiguously assigned to C-8' and C-7', respectively. It should be noted that the partial structure of a 2-(4-hydroxyphenyl)ethansulfonic moiety has not yet been reported for natural products.
From the 1 H and 13 C NMR spectra, signals for a diterpene could be concluded, independently supported by the key diterpene fragment [M-(C 8 H 10 SO 4 
)]
+ , detected at m/z 302 in the mass spectrum. The 13 C NMR spectrum obtained with the aid of DEPT spectral analysis exhibited 28 resonances for 3 x CH 3 , 11 x CH 2 , 7 x CH and 7 x C. A diagnostic feature in the 13 C NMR spectrum was the presence of an ester carbonyl group (δ C 181.5). Having in mind the signals for the 2-(4-hydroxyphenyl)ethansulfonic entity, the carboxyl group involved in the esterification clearly originated from the diterpenoid residue. Supporting evidence for this conclusion, as well as the placement of the ester bond, was available from 2D NMR experiments. Significant associations observed in the HETCOR and HMBC analyses were the three-bond correlations between the ester carbonyl carbon and H a -10 (δ H 1.04), H-6 (δ H 1.34) and the methyl protons at C-16 (δ H 1.19). According to these associations, unambiguous proof for the placement of the ester carbonyl at C-9 of the diterpenoid moiety and the bonding mode was provided.
The combined analyses of extensive 600 MHz 2D NMR experiments ( 1 H-1 H COSY, HETCOR, HMQC, HMBC) at high resolutions finally allowed the assignment of the 1 H and 13 C signals of the diterpene moiety and to elucidate its structure, though severe overlapping of some proton signals in the 1 H NMR spectrum was apparent.
In the HMBC spectrum (Table 1) , the well separated proton signal of the olefinic methine H-4 (δ H 5.35) and the methyl singlet (H 3 -16, δ H 1.19) were correlated to C-6 (δ C 52.8). Observations of 2 J correlations of H-6 (δ H 1.34) to C-5 (δ C 25.5), C-7 (δ C 52.9) and C-9 (δ C 44.7), and of H 3 -16 to C-9 supported these associations. Connection of C-4 to C-2 was evidenced by the two-and three-bond correlations of the methylene signal H 2 -2 (δ H 1.91) with C-3 (δ C 136.1) and C-4 (δ C 122.4), respectively. Location of the oxygen bearing ethyl group at C-1 was established through long-range correlations of the methylene signal H 2 -14 (δ H 1.58) and the methyl singlet (δ H 0.81) with C-2 (δ C 48.4). Confirmatory evidence for this placement was also available from the cross peaks between C-13 (δ C 22.1) and both H 2 -14 (δ H 1.58) and H 3 -13 (δ H 0.81) in the HMBC spectrum. Furthermore, significant correlations between H 3 -18 (δ H 0.77) and C-7 (δ C 52.9), H-6 (δ H 1.34) and C-12 (δ C 36.9), as well as H 3 -16 (δ H 1.19) and C-10 (δ C 39.4), confirmed the structural conclusion. A cross peak between C-19 (δ C 41.1) and H 2 -11 (δ H 1.44 and 1.96) and a distinct four-bond correlation from C-19 to H 3 -18 in the HMBC experiment defined the unusual C-3/C-12 bridging in 1. Couplings of H 2 -19 with H 2 -20, established by 1 H-1 H COSY examination, corroborated this partial structure.
The isolation and characterization of reniformin (1) not only extends the range of known diterpene A diterpene ester from Pelargonium reniforme Natural Product Communications Vol. 2 (9) 2007 885 skeletons [6] , but also introduces a new substituent, 2-(4-hydroxyphenyl)ethansulfonic acid, encountered in natural products.
Biosynthetically, the novel diterpenoid isolated in the present investigation may be regarded as a rearranged metabolite of a taxoid. Four isoprene units with irregular linkages are readily recognizable in the molecule (Figure 1 ). It is a point of some curiosity that members of this class of natural products have hitherto not been detected in this Pelargonium species despite considerable chemical studies on this plant material, which, however, have exclusively focused on polar fractions. It should be noted that 1 was apparently accompanied by analogous metabolites. Low quantities and the gradual decomposition during work-up procedures and spectroscopic measurements excluded the isolation and structural elucidation of additional fascinating analogues. Molecular instability during storage also applied to 1, as evident from NMR spectra recorded some times later. Owing to the decomposition and limited sample quantity of 1, relative and absolute configurations remain to be defined. The possibility that 1 represents a product of microbial contamination is excluded by its yield, the detection of a series of structurally related analogues (vide supra) and the processing of harvested roots. 
Experimental
General experimental techniques: Optical rotations were measured on a Perkin Elmer 2M/MC polarimeter. NMR spectra were recorded on a Bruker AC-400 instrument and a Varian Unity Inova spectrometer (600 MHz), respectively. Chemical shifts (δ) are given in ppm and were referenced to the (Me) 4 
